Background. The significance of hepatitis B core antibody (anti-HBc) without hepatitis B surface antigen (HBsAg) or hepatitis B surface antibody (anti-HBs) is unclear.
Hepatitis B core antibody (anti-HBc) develops after an infection with hepatitis B virus (HBV) and is usually found in conjunction with either hepatitis B surface antibody (anti-HBs) or hepatitis B surface antigen (HBsAg). The combination of anti-HBc and anti-HBs represents natural immunity, whereas anti-HBc and HBsAg are seen with chronic hepatitis B or transiently in acute infection. In some instances, anti-HBc is found without either of these markers, a pattern which is designated as isolated anti-HBc, and is especially common in the setting of coinfection with HIV or hepatitis C virus (HCV) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Additionally, injection drug use [3, 10] , extremes of age [9, 13] , and lower CD4 T-cell count [13, 14] have all been reported to be associated with isolated anti-HBc.
The physiological and clinical significance of the isolated anti-HBc pattern is unclear. It may represent chronic active HBV infection with low or undetectable levels of HBsAg, resolved HBV infection with low or undetectable levels of anti-HBs, a false-positive anti-HBc result, a transition state between acute and resolved HBV infection, or chronic active HBV infection perhaps with the presence of a mutant HBsAg that prevents the detection of HBsAg or anti-HBs with current laboratory assays [15] . The hypothesis that the isolated antiHBc serologic pattern represents resolved HBV infection is supported by the variable anamnestic response to HBV vaccination observed in subjects with isolated anti-HBc [10, 11, [16] [17] [18] [19] .
Despite the variety of proposed mechanisms for and prior studies of the isolated anti-HBc serologic pattern, our understanding of its clinical implications remains limited. Only a single cohort that included both HIV-infected and uninfected subjects has been studied [20] and only a few studies have examined HBV serologic patterns longitudinally [12, 21, 22] . The longitudinal studies that have been published to date have provided limited information due to small sample size [12] , enrollment of patients in HBV hyperepidemic areas [21] , or the exclusive enrollment of intravenous drug users [22] . To better characterize the clinical correlates of the isolated anti-HBc serologic pattern, we evaluated the HBV serologic patterns longitudinally among men who have sex with men (MSM) enrolled in the Multicenter AIDS Cohort Study (MACS).
METHODS

Study Design and Population
We analyzed longitudinal, prospectively collected data from the MACS, a study which enrolled MSM with and at risk for HIV infection in 4 metropolitan areas in the United States (Baltimore, MD; Chicago, IL; Pittsburgh, PA; and Los Angeles, CA) during 3 recruitment periods: 1984-1985, 1987-1991, and 2001-2003 [23] . The MACS has been described in detail elsewhere [24] . Briefly, subjects were prospectively followed at 6-month intervals, with collection of laboratory, epidemiologic, drug treatment, and behavioral data. The current study includes men who had complete serologic HBV data (HBsAg, anti-HBs, and anti-HBc) on at least 1 occasion from 2001 until 2007 and, in addition, had at least 1 positive serology. We limited this study to the period beginning in 2001 when the MACS implemented a systematic HBV serology testing protocol. Subjects were excluded if their HIV status was unknown or they acquired HIV during the course of the study period.
Laboratory Testing
HBV serologic testing was performed with enzyme immunoassays (EIAs) according to manufacturer's instructions (Abbott Laboratories, Abbott Park, IL). Isolated anti-HBc was defined at each visit as positive anti-HBc, negative anti-HBs, and negative HBsAg. All participants underwent hepatitis C virus antibody (anti-HCV) testing with a third-generation EIA in accordance with manufacturer's instructions (ADVIA Centura HCV assay); if positive, HCV RNA testing was performed using the COBAS AmpliPrep Taqman HCV assay (lower limit of detection 50 IU/mL; Roche Diagnostic Systems, Indianapolis, IN). Anti-HCV positivity at baseline was defined as a single positive anti-HCV regardless of the HCV RNA testing result, either obtained at the first visit after the 2001 study entry date or, if the anti-HCV was not obtained on the first visit, then as a positive anti-HCV on the second visit. The anti-HCV and HCV RNA results, along with other longitudinal laboratory data, were used to place subjects into 1 of 3 categories: (1) "uninfected," defined by a consistently negative anti-HCV; (2) "cleared infection," defined by at least 1 positive anti-HCV and at least 2 undetectable HCV RNA levels; and (3) "chronically infected," defined by at least 1 positive anti-HCV and the presence of HCV RNA at 1 or more tests. HIV RNA levels were determined using Roche Ultrasensitive RNA PCR assay (Hoffmann-LaRoche, Nutley, NJ) with a detection limit of 50 copies/mL.
Statistical Analysis
Medians and interquartile ranges (IQRs) were used to describe numerical variables. Frequencies and percentages were used for nominal variables. To characterize patterns in transitions between isolated anti-HBc and other serologic patterns, we determined the relative frequency of the serologic patterns that were seen in either the visit just before, or in the visit just after, a visit in which the isolated anti-HBc pattern was observed.
The primary outcome was the occurrence of the isolated anti-HBc serologic pattern at each study visit. The potential explanatory variables examined included patient demographics, HIV status, CD4 T-cell count (both the absolute number and dichotomized at cut points of 50, 100, and 200), HIV RNA, HCV status (uninfected versus infected), HCV category (uninfected, cleared infection, or chronic infection), and receipt of highly active antiretroviral therapy (HAART). For the purposes of regression analysis, HIV-uninfected subjects and HIV-infected subjects with undetectable HIV RNA were assigned values of 400 copies/mL, and the HIV RNA values were log transformed. We also considered whether HAART regimens included agents with intrinsic activity against hepatitis B (ie, tenofovir, lamivudine, emtricitabine). If a subject had a positive anti-HCV during any visit, the serology was assumed to remain positive indefinitely thereafter. In contrast, no imputation of missing values was applied to hepatitis B serologies, as they exhibited substantial visit-to-visit variability.
Generalized estimating equations were used to determine both univariate and multivariate predictors of the isolated anti-HBc serologic pattern to account for the repeated measures and longitudinal structure of the data [25] . A logit link function and an autoregressive covariance structure were used. All reported odds ratios (ORs) and their associated 95% confidence intervals (95% CIs) are based on generalized estimating equation models. The selection of variables included in multivariate models was based on biological plausibility, avoidance of collinearity among predictors, and univariate association with the isolated anti-HBc pattern. All statistical analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC).
RESULTS
Study Population and Follow-Up
Of the 2286 men who met the inclusion requirements, 1117 (49%) were HIV uninfected and 1169 (51%) were HIV infected. Subjects made a total of 8692 study visits. The median number of visits was 3 (IQR, 2-5) with a median follow-up period of 3.9 years (IQR, 2.6-4.8 years). Follow-up for HIVuninfected and HIV-infected subjects were qualitatively similar: 3 visits (IQR, 2-5) and 3.9 years (IQR, 2.9-4.8) for HIV-uninfected subjects, and 3 visits (IQR, 2-5) and 3.9 years (IQR, 2.4-4.7) for HIV-infected subjects (Figure 1 ).
At baseline, the HIV-infected men tended to be younger, more racially and ethnically diverse, and more likely to be HCV antibody-positive than the HIV-uninfected subjects (Table 1) . Among 1114 HIV-uninfected subjects at their first visit, 19 (1.7%) had cleared HCV infection and 70 (6.3%) had chronic HCV infection. Among 1161 HIV-infected subjects at their first visit, 23 (2.0%) had cleared HCV infection, while 144 (12.4%) had chronic HCV infection. The prevalence of anti-HCV positive tests increased from study entry to last visit in both groups, from 7.3% (79 of 1076) to 8.1% (90 of 1117) in HIV-uninfected subjects, and from 14.0% (155 of 1110) to 15.6% (182 of 1169) in HIV-infected subjects. CD4 T-cell count and HIV RNA values from the HIV-infected subjects on study entry were consistent with effective control of their disease. The median hepatic transaminases and bilirubin values for both HIV-infected and -uninfected subjects were similar and not elevated.
Relative Frequencies of HBV Serologic Patterns
Of the 8692 visits, complete HBV serologic data were available from 7856 (90.4%). The frequencies of HBV serologic patterns at study visits had notable similarities and differences between HIV-infected and -uninfected subjects (Table 2) . While the pattern associated with prior infection (ie, anti-HBc and antiHBs positive) was the most common in both groups (47.3% and 47.6%, in HIV-uninfected and -infected subjects, respectively), the pattern of prior vaccination (isolated anti-HBs) was the second most common in HIV-uninfected subjects (31.6%), and the isolated anti-HBc pattern was the second most common in HIV-infected subjects (19.2%). As expected, the pattern signifying chronic infection (ie, HBsAg and antiHBc positive) was more common in HIV-infected (7.6% of visits) than HIV-uninfected subjects (2.1% of visits).
The isolated anti-HBc serologic pattern was observed in 1112 of 7856 (14.2%) visits overall; in 349 of 3872 (9.0%) visits by HIV-uninfected subjects and in 763 of 3984 (19.2%) of visits by HIV-infected subjects (OR, 2.19; 95% CI, 1.73-2.79; P < .0001). Twice as many HIV-infected subjects (259 of 1169, 22.2%) compared to HIV-uninfected subjects (128 of 1117, 11.5%) had at least 1 visit with the isolated anti-HBc pattern.
To determine the stability of the isolated anti-HBc pattern, the frequencies of HBV serologic patterns at visits just prior to or just after the isolated anti-HBc visit were determined (Table 3) . Interestingly, this analysis revealed that the isolated anti-HBc pattern was generally stable, occurring in over 80% of the surrounding visits for both HIV-infected and -uninfected men. When a change in pattern occurred, the most common changes in both HIV-infected and HIV-uninfected subjects involved the loss or reappearance of anti-HBs with persistence of anti-HBc. Few subjects either developed or lost HBsAg, suggesting that most were not chronically infected with HBV.
Factors Associated With the Isolated Anti-HBc
Univariate analyses demonstrated that, in addition to HIV status (reported above), a positive anti-HCV was associated with isolated anti-HBc (OR, 4.21; 95% CI, 2.99-5.91; P < .0001) as was a lower CD4 T-cell count (OR, 0.96 per 100 cells/µL; 95% CI, .94-.99; P = .005) ( Table 4) . Among 1952 subjects with initially negative HCV serologies, 260 (13.3%) had at least 1 visit with the isolated anti-HBc pattern. In contrast, among 234 subjects with initially positive HCV serologies, 113 (48.3%) had at least 1 isolated anti-HBc visit. Interestingly, the association between isolated anti-HBc and chronic HCV infection (OR, 6.76; 95% CI, 5.08-8.99; P < .0001) was stronger than for cleared HCV infection (OR, 3.03; 95% CI, 1.83-5.03; P < .0001). In the multivariate analysis, HIV infection (OR, 1.74; 95% CI, 1.33-2.29; P < .0001), chronic HCV (OR, 6.24; 95% CI, 4.62-8.42; P < .0001), and cleared HCV infection (OR, 2.77; 95% CI, 1.65-4.66; P = .0001) all remained strongly associated with the isolated anti-HBc serologic pattern. However, CD4 T-cell count was no longer statistically associated (OR, 0.98 per 100 cells/mL; 95% CI, .95-1.01; P = .20), possibly because of its collinearity with HIV infection.
Among HIV-uninfected subjects alone, anti-HCV was strongly associated with the isolated anti-HBc pattern (OR, 14.1; 95% CI, 9.0-22.0; P < .0001). HIV-uninfected subjects with chronic HCV infection had a higher proportion of isolated anti-HBc visits than those who had cleared their HCV infection, and both groups were significantly different than those without evidence of HCV infection (OR, 19.2; 95% CI, 11.8-31.3; P < .0001; and OR, 7.8; 95% CI, 3.7-16.3; P < .0001, respectively). There was no statistically significant association observed in HIV-uninfected subjects between the isolated anti-HBc pattern and age, aspartate aminotransferase, alanine aminotransferase, and total bilirubin.
In the univariate analysis restricted to HIV-infected subjects, associations with isolated anti-HBc included older age (OR, 1.18 per decade; 95% CI, 1.01-1.36; P = .033), a positive anti-HCV (OR, 2.31; 95% CI, 1.51-3.52; P < .0001), and the use of HAART (OR, 0.78; 95% CI, .65-.94; P = .009), but CD4 T-cell count was not associated (Table 5 ). However, unlike the HIV-uninfected men, chronic HCV infection was strongly associated with the isolated anti-HBc pattern (OR, 3.66; 95% CI, 2.57-5.20; P < .0001), while cleared infection was not (OR, 1.66; 95% CI, .83-3.35; P = .15). Age, chronic HCV infection, and the use of HAART all remained statistically associated with the isolated anti-HBc pattern when included in a multivariate model (Table 6 ). b Subjects were considered HCV antibody-positive at baseline if they had a positive HCV antibody on the initial visit, or if the HCV was not measured on the initial visit, then if the HCV antibody was measured and positive on the second visit. c These data do not reflect the replacement of all values ≤400 copies/mL with the value of 400 copies/mL, as was done prior to the regression analysis.
In a secondary univariate analysis only including HIVinfected subjects receiving HAART, we compared those whose HAART regimen included agents with intrinsic anti-HBV activity versus those whose regimens lacked such activity. The use of HAART with intrinsic anti-HBV activity was associated with an increased frequency of the isolated anti-HBc serologic pattern (Table 5) .
DISCUSSION
In this first longitudinal study of serologic patterns of HBV infection in a large cohort of both HIV-infected and -uninfected MSM followed for nearly 4 years, we found that the isolated anti-HBc pattern was a stable pattern that rarely transitioned to a chronic hepatitis B state. This is also the first study to demonstrate that, in addition to HIV infection, both chronic and cleared HCV are associated with isolated antiHBc. In an analysis stratified by HIV status, chronic HCV was associated with isolated anti-HBc in both HIV-infected and -uninfected men, whereas cleared HCV infection was only associated in HIV-uninfected men. In the HIV-infected men, HAART use was negatively associated with isolated anti-HBc.
The most common transition in serologic pattern to or from the isolated anti-HBc pattern involved the gain or loss of anti-HBs, which suggests that isolated anti-HBc may represent resolved HBV infection with low or intermittently undetectable anti-HBs. The transition consisting of the gain or loss of HBsAg was rare, arguing against the hypothesis that isolated anti-HBc represents active HBV infection with low or undetectable levels of HBsAg. Furthermore, because the most common pattern seen before or after an isolated anti-HBc was another isolated anti-HBc, it is unlikely that this pattern is a false-positive anti-HBc or a laboratory error.
HCV seropositivity was associated with the anti-HBc pattern, particularly in those subjects with chronic infection. The reasons for this observation are not immediately apparent but it may be related to either HBV or HCV dominating when both infections are present [26] . Thus, those with chronic HCV may be more likely to lose their HBsAg because HCV dominates but the immune response is not strong enough to generate anti-HBs.
It was surprising that, in HIV-infected subjects, the CD4 Tcell count could not be shown to be associated with isolated anti-HBc. Because HIV infection can result in accelerated loss of anti-HBs [27] , it was plausible that those with past HBV infection who had lower CD4 T-cell counts would be most likely to lose anti-HBs and demonstrate the isolated anti-HBc pattern. This was not supported by our multivariate analysis. However, because most of the HIV-infected men in this study were on HAART, it is possible that there was a gain of antiHBs in those with lower initial CD4 T-cell counts early after initiation of HAART. Of note, relatively few of our HIVinfected subjects had CD4 T-cell counts less than 200/µL. Paradoxically, we found that intrinsic anti-HBV activity in HAART regimens was associated with an increased frequency of the isolated anti-HBc serologic pattern. The interpretation of this result is complicated by the lack of control over confounding clinical characteristics that might influence the selection of HAART regimen. However, it is possible that the protective effect of HAART results from a general improvement in immune function rather than specific anti-HBV activity.
Strengths of the current analysis include direct comparison of HIV-infected and -uninfected subjects from the same cohort, longitudinal data collection, the consideration of timevarying covariates, the distinction between chronic and cleared HCV infection, and the ability to examine the relative frequencies of transitions in serologic patterns. The principal limitations of this study are missing serologic data from approximately 10% of visits and the relatively small number of subjects with cleared HCV infection, limiting our ability to precisely define the rate of isolated anti-HBc associated with cleared HCV infection. Our study population was limited to subjects with complete serologic data on at least 1 occasion and at least 1 positive serology, potentially leading to selection bias. Further, our results derive from an MSM population with high-risk exposure to HBV, and our results can only be strictly applied to similar populations.
In summary, this study supports the hypothesis that the isolated anti-HBc pattern likely represents a state of resolved HBV infection with low or undetectable anti-HBs. It is most commonly seen in patients with factors associated with impaired immune function, such as older age, HIV infection, absence of HAART, and HCV infection. 
Notes
